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Results axe presented on J/ip radiative decays to 'k~^-k~ and Tr^Tr" based on a sample of 58M J/tp 
events taken with the BES II detector. Partial wave analyses are carried out using the relativistic 
covariant tensor amplitude method in the 1.0 to 2.3 GeV/c^ tttt mass range. There axe conspicuous 
peaks due to the /2(1270) and two 0"'""'" states in the 1.45 and 1.75 GeV/c^ mass regions. The first 
0++ state has a mass of 1466 ± 6 ± 20 McV/c^, a width of lOSl" ± 25 MeV/c^, and a branching 
fraction BiJ/ip 7/()(1500) 77r+7r") = (0.67 ± 0.02 ± 0.30) x 10~*. Spin is strongly preferred 
over spin 2. The second 0++ state peaks at 1765^3 ± 13 MeV/c^ with a width of 145 ± 8 ± 69 
MeV/c^. If this O""""*" is interpreted as coming from /o(1710), the ratio of its branching fractions to 
TTTT and KK is 0.4lt° l^. 

PACS numbers: 12.39.Mk, 13.25.Gv, 14.40.Cs 



I. INTRODUCTION 

QCD predicts the existence of glueballs, the bound 
states of gluons, and the observation of glueballs 
would provide a direct test of QCD. In the quenched 
approximation, lattice QCD calculations predict the 
lightest glueball to be a 0++ with the mass being in 
the region from 1.4 to 1.8 GeV/c^ [1]. Although the 
identification of a glueball is very complicated, there 
are several glueball candidates, including the /o(1500) 
and /o(1710). The properties of the /o(1500) and 
/o(1710) are reviewed in detail in the latest issue of 
the Particle Data Group (PDG) [2]. 

J/il) radiative decays have been suggested as 
promising modes for glueball searches. The J/ip ^ 
^TT^TT~ process was analyzed previously in the 
Mark III [3], DM2 [4] and BES I [5] experiments, in 
which there was evidence for /2(1270) and an addi- 
tional /2(1720). However, the high mass shoulder of 
the /2(1270), at about 1.45 GeV/c^, was unsettled. A 
revised amplitude analysis of Mark III data assigned 
the shoulder to be a scalar at ~ 1.43 GeV/c^, and, 
in addition, found the peak at ^ 1.7 GeV/c^ to be 
scalar rather than tensor [6]. The J/xJj — > jTr'^n'^ pro- 
cess was also studied by the Crystal Ball [7] and BES I 
experiments [8], but no partial wave analysis has yet 
been performed on this channel. In this paper, the re- 
sults of partial wave analyses on J/ijj jTr'^w~ and 
77r°7r° are presented based on a sample of 58M J/tp 
events collected by the upgraded Beijing Spectrome- 
ter (BES II) located at the Beijing Electron Positron 
Collider (BEPC). 



II. BES DETECTOR 

BES II is a large solid-angle magnetic spectrometer 
that is described in detail in Ref. [9] . Charged parti- 
cle momenta are determined with a resolution of ap/p 
= 1.78 % y^l +p2 (p in GeV/c) in a 40-layer cylin- 
drical main drift chamber (MDC). Particle identifi- 



cation is accomplished by specific ionization (dE/dx) 
measurements in the drift chamber and time-of-flight 
(TOF) measurements in a barrel-like array of 48 scin- 
tillation counters. The dE/dx resolution is uj^E/dx 
= 8.0 %: the TOF resolution is cttof = 180 ps for 
Bhabha events. Outside of the time-of-flight counters 
is a 12-radiation-length barrel shower counter (BSC) 
comprised of gas tubes operating in limited stream 
mode. The BSC measures the energies of photons 
with a resolution of as/E ~ 21 % /\/E {E in GeV). 
Outside the solenoidal coil, which provides a 0.4 T 
magnetic field over the tracking volume, is an iron flux 
return that is instrumented with three double layers 
of counters that are used to identify muons. 

In this analysis, a GEANT3 based Monte Carlo sim- 
ulation program (SIMBES) [10] with detailed consid- 
eration of detector performance (such as dead elec- 
tronic channels) is used. The consistency between 
data and Monte Carlo has been checked in many high 
purity physics channels, and the agreement is quite 
reasonable [10]. 

III. EVENT SELECTION 

The first level of event selection oi J/ip 77r+7r~ 
requires two charged tracks with total charge zero. 
Each charged track, reconstructed using MDC in- 
formation, is required to be well fitted to a three- 
dimensional helix, be in the polar angle region 
|cos6'mdc| < 0.8, and have the point of closest ap- 
proach of the track to the beam axis be within 2 cm 
of the beam ax;is and within 20 cm from the center of 
the interaction region along the beam line. 

More than one photon per event is allowed because 
of the possibility of fake photons coming from the in- 
teractions of charged tracks with the shower counter 
or from electronic noise in the shower counter. A neu- 
tral cluster is considered to be a photon candidate 
when the energy deposited in the BSC is greater than 
50 McV, the first hit is in the beginning six radiation 
lengths, the angle between the nearest charged track 
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and the cluster is greater than 18°, and the angle be- 
tween the cluster development direction in the BSC 
and the photon emission direction is less than 30°. 

The total number of layers with hits associated 
with the two charged particles in the muon counter 
is required to be less than four in order to remove 
7/U+/i~ events. To remove the large backgrounds from 
Bhabha events, we require that (i) the opening an- 
gle of the two tracks satisfies 6op < 175° and (ii) 
the energy deposit by each track in the BSC satis- 
fies Esc < 1-0 GeV. We require 9 op > 10° to remove 
7 conversions that occur at low tt+tt" mass. In order 
to reduce the background from final states with kaons 
and electrons, both tracks arc required to be identi- 
fied as pions by TOF or dE/dx when the momenta 
are lower than 0.7 GeV/c. In other cases, at least one 
track is required to be identified as a pion by TOF. 

Requirements on two variables, U and Pj^, are 
imposed [11]. The variable U = {E^iss - l^missl) 
is required to satisfy \U\ < 0.15 GeV. Here, Emiss 
and Pmiss are, respectively, the missing energy 
and momentum of charged particles. The vari- 
able Pj?|, = ilPmi ss\^ sin^ 9y/2 is required to be < 
0.0045 (GeV/c)^, where 9^ is the angle between the 
missing momentum and the photon direction. The 
U cut removes most background from events hav- 
ing multikaon or other neutral particles, such as 
K*{892)^K'F, jK+K- events. The cut on P^^ is used 
to reduce backgrounds with tt^s. 

In order to reduce the dominant pw background, 
events with more than one photon satisfying \Mry-^^^ — 
M„o \ < 0.065 GeV/c^ are rejected. Here M^^^^^ is the 
invariant mass of the two isolated photons with the 
smallest angle between the plane determined by these 
two photons and the direction of Pmiss in all possible 
photon combinations. M^-^^^ is calculated using Pmiss 
and the angle between Pmiss and the 7 direction. The 
advantage of this method is that it uses the momenta 
of the charged tracks measured by the MDC, which 
has good momentum resolution, and is independent 
of photon energy measurement. 

Finally, the two charged tracks and photon in the 
event are kinematically fitted using four energy and 
momentum conservation constraints (4-C) under the 
J/t/j ^ 77r+7r~ hypothesis to obtain better mass res- 
olution and to suppress backgrounds further by us- 
ing the requirements X^^+^- < 15 and X^^+^- < 
^"^K+K- ■ there is more than one photon, the fit 
is repeated using all permutations and the combina- 
tion with the best fit to 77r"'"7r~ is retained. 

For J/tp ^ 77r°7r°, the 7r° mesons in the event are 
identified through the decay 7r° — » 77. The isolated 



photon is required to have the energy deposited in 
the BSC greater than 80 MeV and come from the in- 
teraction point. The number of isolated photons is 
required to be greater than four and less than seven. 
A 4-C kinematic fit to J/ijj 57 is performed, the 
combination of five photons with the smallest is 
selected, and a kinematic fit Chi-square xi^ < 15 
is required. For five photons, there are 15 combi- 
nations from which to construct two 7r°s. To select 
TT^s, we choose the combination with the smallest 
A, where A ^(^-^7172 - + (^7374 " M^")"^ 

and require |M^o^ - M^o\ < 40 MeV/c^. To re- 
duce background with ws, events with the invariant 
mass of a and one photon in the u mass interval 
\M^^o ^ - M^l < 30 MeV/c^ are rejected. To further 
suppress backgrounds with more than one neutral par- 
ticle recoling to the n^n^ system, the recoiling mass 
squared of the 7r°7r° system is required to be less than 
4.8 (GeV/c2)2. 

Fig. 1 shows the tt+tt" mass spectrum for the se- 
lected events, together with the corresponding back- 
ground distributions and the Dalitz plot. There is a 
strong p''(770) peak mainly due to backgroimd from 
J/tp /9°7r°. A strong /2(1270) signal, a shoulder on 
the high mass side of the /2(1270), an enhancement at 
~ 1.7 GeV/c^, and a peak at ^ 2.1 GcV/c^ are clearly 
visible. The lightly shaded histogram in Fig. 1 corre- 
sponds to the dominant background J/tl) 7r+7r~7r°. 
The data taken at the e+e~ center of mass energy of 

3.07 GeV, with a luminosity of 2272.8±36.4nb-i, are 
used to determine the continuum background. The 
sum of continuum background and the other possible 
backgrounds, such as J/tjj 7/7' {rj' 7^°, 
TT+TT"), J/iJj K*(892)±if . . . , is estimated to be 

3.8 % of the data in the whole mass range and is shown 
as the dark shaded histogram in Fig. 1. 

Fig. 2 shows the 7r°7r° mass spectrum and the 
Dalitz plot. The shaded histogram corresponds to the 
sum of estimated backgrounds determined using PDG 
branching ratios [2]. The backgrounds are mainly 
from J/ip ^ uitt^tt'^ {u 77r°, 7r° 27), J/tp ^ jr], 
{rj 37r°, 7r° 27) and J/tJj -fqir^Tr" [rj 27, 
77° 27). The peak below 0.5 GeV/c^ is mainly 
from J/tp — > 777, (?7 — > 37r°, tt" — > 27). The contin- 
uum background is also studied using the data taken 
at the e+e~ center of mass energy of 3.07 GcV. No 
events survive selection requirements. In general, the 
TT+TT" and 7r°7r° mass spectra exhibit similar struc- 
tures above 1.0 GeV/c^. 



4 





M(JI*71 ) (GeY/c ) 



M(7iV) (GeV/c^) 



> 
O 



2 4 6 8 

,2, +^ ,„ 2,2 



M (yjt^) (GeV/c ) 




M^CTTi") (GeV/c^)^ 



FIG. 1: Invariant mass spectrum of ■k'^t7~ and the Dalitz 
plot for J/tp ^■K'^n~ , where the hghtly and dark shaded 
histograms in the upper panel correspond to J/tp — > 
■k'^-k~tt^ and other estimated backgrounds, respectively. 



IV. PARTIAL WAVE ANALYSIS 

We have carried out partial wave analyses for the 
TTTT mass range from 1.0 to 2.3 GcV/c^ using rela- 
tivistic covariant tensor amplitudes constructed from 
Lorentz-invariant combinations of the polarization 
and momentum 4- vectors of the initial and final state 
particles, with hclicity ±1 for J/tp initial states [12]. 
Cross sections are summed over photon polarizations. 
The relative magnitudes and phases of the amplitudes 
are determined by a maximum likelihood fit. 

For J/tp 77r+7r~, the following channels are fitted 
to the data: 



7/2(1270) 
7/o(1500) 
7/o(1710) 
7/2(1810) 
7/0(2020) 



FIG. 2: Invariant mass spectrum of tt^tt" and the Dalitz 
plot for J /ijj ^ 77r''7r'', where the shaded histogram in the 
upper panel corresponds to the estimated backgrounds. 

^ 7/2(2150) 
^ 7/4(2050). 

Constant width Breit-Wigner functions are used for 
each resonance. The form is described as follows: 



BWx 



— m? + imV ' 

where s is the square of tt+tt^ invariant mass, m and 
r are the mass and width of intermediate resonance 
X, respectively. 

The dominant background in J /ip —t 77r+7r^ comes 
from J/V' tt^tt^tt'''. From MarkllFs analysis on 
J/ip — !■ TT+Tr^TT*^, described in terms of the ampli- 
tudes representing the sequential two-body decay pro- 
cess J/tp ^ pn, p ^ nn [13], the p{770) is domi- 
nant, but there are also contributions from the ex- 
cited states of p(770). A preliminary PWA on BESII 
J/tp ^ 7r+7r~7r° also shows that a complete descrip- 
tion of the data requires not only the dominant p{770), 
but also the contributions from 1^ states p(1450), 
p(1700) and p(2150), as well as 3" state p(1690). Us- 
ing the branching fraction measurement of EES II [14] , 
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which agrees with the result from the BaBar Collabo- 
ration [15], and the generator based on the published 
results of Ref. [13], J/tj: — + 7r+7r^7r° events are gen- 
erated and given the opposite log likelihood in the 
fit to cancel the background events in the data. The 
other background contributions are much smaller than 
J/ip ■n+i:-iT° background in the 1.0 to 2.3 GeV/c^ 
7r+7r~ mass range and not considered in the partial 
wave analysis. 

Due to the limitation of the present statistics and 
the complexity of the large pi: background, it is dif- 
ficult to cleanly distinguish components in the high 
mass region. The main goal of this analysis will be 
to understand the structures below 2.0 GeV/c^. We 
use the four states /2(1810), /o(2020), /2(2150), and 
/4(2050), which are hsted in PDG [2] in the fit with 
the masses and widths fixed to those in the PDG, to 
describe the contribution of the high mass states in 
the mass range below 2.0 GeV/c^. 

For the 2++ states, relative phases between different 
helicity amplitudes for a single resonance are theoret- 
ically expected to be very small [16]. Therefore, these 
relative phases are set to zero in the final fit so as to 
constrain the intensities further. 

After the mass and width optimization, the result- 
ing fitted intensities are illustrated in Figs. 3 and 4. 
Angular distributions in the whole mass range are 
shown in Fig. 5. Here, 0^ is the polar angle of the 
photon in the J /tp rest frame, and fl^r is the polar an- 
gle of the pion in the tt+tt^ rest frame. 



, 3000 
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M(7tV) (GeV/c^) 

FIG. 3: The ■k'^-k" invariant mass distribution from 
J/^ — + 77r"'"7r~. The crosses are data, the full histogram 
shows the maximum likelihood fit, and the shaded his- 
togram corresponds to the ■k'^tv~-k^ background. 

From Figs. 3 and 5, we see that the fit agrees well 
with data. Fig. 4 shows the distributions of the in- 



dividual components and full 0+^ and 2++ contribu- 
tions including interferences. A free fit to /2(1270) 
gives a fitted mass of 1262^2 MeV/c^ and a width 
of n^tl MeV/c^. The fitted masses and widths of 
the /o(1500) and /o(1710) are M/„(i5oo) = 1466 ± 6 
MeV/c2, r^„(i5oo) - MeV/c2 and M/„(i7io) = 

1765^3 MeV/c^, r/3(ino) = 145±8 MeV/c^, respec- 
tively. The branching fractions of /2(1270), /o(1500), 
and /o(1710) determined by the partial wave analysis 
fit are B{J /i) -> 7/2(1270) -> 77r+7r-) = (9.14 ± 
0.07) X lO^'', B{J/i^ ^ 7/0(1500) ^ 77r+7r-) = 
(6.65 ± 0.21) X 10-^ and B{J /tp 7/o(1710) ^ 
77r+7r-) = (2.64 ± 0.04) x lO"'^, respectively. For 
the /2(1270), we find the ratios of helicity amplitudes 
X = 0.89 ± 0.02 and y = 0.46 ± 0.02 with correlation 
factor p = 0.26, where x — Ai/Ag, y — A2/A0, ^04, 2 
correspond to the three independent production am- 
plitudes with helicity 0, 1 and 2. The errors here are 
statistical errors. An alternative fit is tried by replac- 
ing /o(1500) with a 2++ resonance. There are three 
helicity amplitudes fitted for spin 2, while only one 
amplitude for spin 0, which means the the number of 
degrees of freedom is increased by 2 in the = 2+ 
case. However, the log likelihood is worse by 108. 
This indicates that /o(1500) with = 0+ is strongly 
favored. If the /o(1710) is removed from the fit, the 
log likelihood is worse by 379, which corresponds to a 
signal significance much larger than 5<t. 

The partial wave analysis of J/ip —>■ jtt^tt'^ is per- 
formed independently. The components used are the 
same as those oi J/ip ^ 77r+7r~. Due to the limited 
statistics, we take the partial wave analysis fit results 
of J/ip 77r"7r° as a cross-check of the ones obtained 
in the charged channel. The background distribution 
is close to flat in the mass interval 1.0 - 2.3 GeV/c^, 
so we use l/p2{rn) multiplied by phase space to ap- 
proximately describe such a flat contribution, where 
the 2nd order polynomial function ^2(^1) is obtained 
by fitting the tt'^tt'^ mass phase space distribution of 
J/ip 777*^ 7r° Monte Carlo simulation. 

The fitted intensities as a function of tt^tt^ mass 
are illustrated in Fig. 6. A free fit to /2(1270) gives 
a fitted mass of 1261 ± 6 MeV/c^ and a width of 
188t}^ MeV/c^. The fitted masses and widths of 
the /o(1500) and /o(1710) are Mj:„(i5oo) = 1485 ± 21 
MeV/c2, r/„(i5oo) = 178t^° MeV/c^ and M/„(i7io) 
= 1755 ± 14 MeV/c2, Tf^^^no) = 155t^° MeV/c^, 
respectively. The errors shown here are statistical. 

Besides the above global fit, a bin- by-bin flt is ap- 
plied to J/ip 77r+7r^ data using the method de- 
scribed in Ref. [17]. A strong /2(1270) is observed, 
and the S-wave tt^tt" mass distribution shows a large 
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FIG. 4: The mass projections of the individual components for J/ij} ^ ■k'^-k . The crosses are data. The complete 0^"*" 
and 2"'"+ contributions are also shown, including all interferences. 
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FIG. 6: The tt^tt" invariant mass distribution from J/tp ^ 
'yix^-K^ . The crosses are data, the full histogram shows the 
maximum likelihood fit, and the shaded histogram corre- 
sponds to the background. 



COS0„ 



FIG. 5; Projections in cos 6^ and cos 6^ for the whole mass 
range. The crosses are data {J /ip — > 77r^7r~ sample), and 
the histograms are the fit results. 



signal at ~ 1.45 GeV/c^, a significant signal at ~ 1.75 
GeV/c^, and a peak at ~ 2.1 GeV/c^. In general, 
the bin-by-bin fit gives similar features as those of the 
global fit, and the results of these two fits are approx- 
imately consistent with each other. 



7 



V. SYSTEMATIC ERRORS 

The systematic errors for the partial wave analysis 
fit to J/ij) — » 77r"'"7r~ data are estimated by varying 
the masses and widths of the /2(1270), /o(1500), and 
/o(1710) within the fitted errors; varying the masses 
and widths of the /2(1810), /o(2020), /2(2150), and 
/4(2050) within the PDG errors [2]; adding a small 
component /2(1565); varying the background fraction 
within reasonable limit and replacing the /2(1810) 
with the /2(1950). They also include the imcertainties 
in the number of J /ip events analyzed, the efficiency of 
photon detection, the efficiency of MDC tracking, and 
the kinematic fit. Different generators, one is based on 
the published results of Ref. [13] and another is from 
BESII preliminary PWA results which include a dom- 
inant p(770) and its excited states /9(1450), /9(1700), 
p(2150) and p3(1690), are used for the estimation 
of the background J/V' 7r+7r~7r°. The PWA re- 
sults with different backgrounds agree with each other 
within the error. Their difference is taken as the sys- 
tematic error too. The systematic errors in this analy- 
sis do not include all model-dependent effects, such as 
the difference of using simple Breit-Wigner formalism 
and K-matrix formalism. Table I shows the summary 
of the systematic errors for the global fit. 

For the /2(1270), the total systematic errors are 
0.10 and 0.19 for x and y, respectively. The corre- 
lation factor between the x and y systematic errors is 
0.29 which is calculated with o = Yl- £i^si£y± where i 
runs over all systematic errors. 

Table II shows the mass, width, and branching 
fraction measurements for /2(1270); /o(1500), and 
/o(1710), where the first error is statistical and the 
second is systematic, determined by adding all sources 
in quadrature. In order to compare the branch- 
ing fractions of /2(1270), /o(1500), and /o(1710) in 
77r"'"7r~ and 77r°7r°, we fix the mass and width of each 
component in •yn^Tr^ to those of the charged channel 
and re-calculate the branching fractions and estimate 
the systematic errors. The results are shown in Ta- 
ble III. The branching fractions determined from the 
two channels agree with each other within errors after 
considering isospin corrections. 

VI. DISCUSSION 

The measured mass of the /2(1270), 1262^^ ± 8 
MeV/c^, is lower than the PDG value, and the branch- 
ing fraction of J/ip 7/2(1270), /2(1270) ^ tt+tt" 
is a bit higher than the PDG value [2]. A fit with 
the PDG mass and width is visibly poorer, and the 



log likelihood is worse than the optimum fit by 44. 
In this analysis, the S-wave contribution on the high 

mass shoulder of the large /2(1270) peak is well sep- 
arated, which may explain this mass difference. The 
ratios of the helicity amplitudes of the /2(1270) from 
the present analysis are x = 0.89 ± 0.02 ± 0.10 and 
y = 0.46±0.02±0.19 with correlation pstat = 0.26 and 
Psys = 0.29. The values of x and y are in agreement 
with predictions [16, 18] within the errors. Compar- 
ing to the results determined by DM2 [4] , Mark III [3] , 
and Crystal Ball [19], there is a difference in the value 
of y. The main reason for this difference may be that 
we consider influences from other states in the 1.0 to 
2.3 GcV/c^ TTTT mass range, while previous analyses by 
DM2 and Mark III ignored these and only considered 
the /2(1270) in the 1.15-1.4 GeV/c^ tttt mass range. 

The most remarkable feature of the above results is 
that three O"*""*" states at the tttt mass ^ 1.45, 1.75, and 
2.1 GeV/c^ are observed from the partial wave analy- 
sis. For the high mass state at ^ 2.1 GeV/c^, we use 
the /o(2020), which is listed in the PDG, to describe 
it. No further efforts are made on the measurements 
of its resonant parameters due to the difficulties de- 
scribed in Section IV. 

The lower 0+"'' state peaks at a mass of 1466 ± 
6 ± 20 MeV/c2 with a width of 108t\t ± 25 McV/c^, 
which is consistent with the scalar glueball candidate, 
/o(1500). Spin is strongly preferred over spin 2. 
Therefore we interpret the small but definite shoulder 
on the high mass side of the /2(1270) in the tt+tt^ 
mass distribution as originating from the /o(1500), 
which interferes with nearby resonances in the par- 
tial wave analysis. However, due to the uncertainties 
of the mass and width determinations and large in- 
terferences between the S-wave states, the existence 
of the /o(1370) in J /tjj ^ jTrTT cannot be excluded by 
present data. 

Strong production of the /o(1710) was observed 
in the partial wave analysis of J/ip — > jKK, 
with a mass of 1740 ± 4^2° MeV/c^, a width 
of 166l|l]^Q MeV/c^, and a branching fraction of 
J/i^ 7/0(1710), /o(1710) ^ KK of (9.62 ± 
0.29li;86io.oo) X 10"^ [17]. Interpreting the 0++ 
state in the mass region ^ 1.75 GeV/c^ as coming 
from the /o(1710) and using the branching fraction of 
/o(1710) — > TTTT determined from /o(1710) tt+tt" 
after isospin correction and the branching fraction of 
/o(1710) KK in Ref. [17], we obtain the ratio of 
TTTT to KK branching fractions for the /o(1710) as 

r(/o(1710)^7r7r) ^„..+o.ii 
r(/o(1710) ^ KK) ■ 

The ratio is consistent with the PDG value (0.200 ± 
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TABLE I: Estimation of systematic errors for the J /ip ')-k'^tx~ in the global fit. For the mass and width, what shown 
are the absolute errors in MeV/c^. For the branching fraction B and the ratios of helicity amplitudes, x and y, the listed 
are the relative errors, p is the correlation factor between x and y. 





/2(1270) 


/o(1500) 


/o(1710) 




M 


F 


B (%) 


X (%) 


J/(%) 


P 


M 


F 


B (%) 


M 


F 


B (%) 


iVi driici 1 oi j2\i--^iyj) 






1.4 


0.2 


2.0 


0.26 








2.3 








0.1 


iVi ana i oi /ol.J^'^uuj 


1 





0.1 


0.1 


2.2 


0.26 


10.1 





1 


1.9 


iVi anQ i OI /o 1^ -1- ' J-U ) 








0.1 


0.5 


0.6 


0.26 





1 


2.6 


8.9 


iVi cillU. ± (Jl j2\i-Oi-\j) 





1 


1.4 


2.9 


0.5 


0.26 


1 


7 


4.2 


3 


15 


6.9 




1 


3 


1.0 


1.6 


1.2 


0.27 


6 


2 


3.0 


5 


10 


5.8 


M and F of /a (2150) 


1 


2 


1.2 


1.2 


0.4 


0.26 


3 





3.2 


1 


3 


3.3 


M and F of /4 (2050) 





1 


0.1 


0.4 


0.7 


0.26 


1 


2 


0.4 








0.7 


add /2(1565) 


2 


5 


0.2 


6.9 


34.6 


0.35 


3 


7 


18.6 


3 


10 


2.9 


MDC tracking and kinematic fit 


4 


4 


3.5 


6.2 


12.8 


0.38 


14 


18 


31.0 


8 


1 


13.4 


background fraction 


3 


2 


1.8 


3.4 


4.3 


0.33 


4 


2 


13.9 


3 


10 


7.8 


background with different generator 


3 


3 


11.8 


1.7 


19.5 


0.41 


2 


13 


14.6 


5 


7 


9.0 


replace /2(1810) with /2(1950) 


4 


5 


8.7 


2.1 


4.4 


0.27 


12 


4 


11.0 


5 


65 


16.4 




4.7 


4.7 


4.7 


Detection efficiency of photon 


2.0 


2.0 


2.0 


Total Systematic error 


8 


10 


16.2 


10.9 


42.3 


0.29 


20 


25 


44.8 


13 


69 


28.3 



TABLE IL Fit results for Jjip — » 77r"'"7r . The first error is statistical, and the second is systematic. 





J/V 


-» 7X, X ^ TT^ 






Mass (MeV/c2) 


F (MeV/c^) 


B (xlO-4) 


/2(1270) 


1262^2 ± 8 


175^4 ± 10 


9.14 ± 0.07 ± 1.48 


/o(1500) 


1466 ± 6 ± 20 


1081 It ± 25 


0.67 ± 0.02 ± 0.30 


/o(1710) 


17651^ ± 13 


145 ± 8 ± 69 


2.64 ± 0.04 ± 0.75 



TABLE III: The branching fraction measurements of J/^' T"" ti" , where the masses and widths of the resonances are 
fixed to the values determined from J/ip — > 77r"'"7r~. The first error is statistical, and the second is systematic. 





J/'l}! jX, X - 






Mass (MeV/c^) F (MeV/c^) 


B (xlO-^) 


/2(1270) 


same as charged channel 


4.00 ± 0.09 ± 0.58 


/„(1500) 


same as charged channel 


0.34 ±0.03 ±0.15 


/o(1710) 


same as charged channel 


1.33 ± 0.05 ± 0.88 



0.024 ± 0.036) [2] within the errors. An alterna- 
tive interpretation for this O"*""*" state is the /o(1790). 
Data on J/tp (^tt+tt" and cpK^K^ show a defi- 
nite peak in tt+tt" at 1790 MeV/c^ but no significant 
signal in K^K~ [20]. If the mass and width of the 
0++ state arc fixed to 1790 MeV/c^ and 270 MeV/c^ 
found in [20], the log Ukelihood is worse by 47. This 
0++ state may also be a superposition of /o(1710) and 
/o(1790). 

Due to the uncertainty of the high mass region, 
we do an alternative fit removing the /4(2050) and 
re-optimizing the masses and widths of /2(1270), 



/o(1500), and /o(1710) for the J/ip itt+tt" sam- 
ple. The log likelihood is worse by 160. The fit 
gives a /2(1270) mass of 1259 ± 2 ± 6 McV/c^ and a 
width of 175i5±8 MeV/c^. The measured masses and 
widths of the /o(1500) and /o(1710) are Mj„(i5oo) = 
1466±6±17MeV/c2, r/„(i5oo) = 118t}5±28 MeV/c^ 
and M/„(i7io) - 1768t|± 15 McV/c^, Tj^dno) = 
1121:1° ± 52 MeV/c^, respectively. The branching 
fractions of the /2(1270), /o(1500), and /o(1710) are 
l3{J/ip /2(1270) ^ 77r+7r-) = (9.04 ± 0.07 ± 
0.89) X 10-^ B{J/^Ij 7/0(1500) ^ 77r+7r-) = 
(0.68±0.02±0.28) x 10"^ and B( J/i/' ^ 7/o(1710) ^ 



9 



^TT+TT") = (1.40 ±0.03 ±0.55) X 10-4, respectively. 

The light-meson spectroscopy of scalar states in the 
mass range 1-2 GcV/c^, which has long been a source 
of controversy, is still very complicated. Overlapping 
states interfere with each other differently in different 
production and decay channels. More experimental 
data are needed to clarify the properties of these scalar 
states. 

VII. SUMMARY 

In summary, the partial wave analyses of J /tp 
77r+7r^ and J/tp — > jtt'^tt'^ using 58M J/ip events 
of BESII show strong production of /2(1270) and 
evidence for two 0++ states in the 1.45 and 1.75 
GeV/c^ mass regions. For the /2(1270), the branch- 
ing ratio determined by the partial wave analysis 
fit is BiJ/tp 7/2(1270) ^ TTT+TT") = (9.14 ± 
0.07 ± 1.48) X 10"*. The ratios of the helicity am- 
plitudes of the /2(1270) arc determined to be a; = 
0.89 ± 0.02 ± 0.10 and y = 0.46 ± 0.02 ± 0.19 with 
correlations pstat = 0.26 and pgya = 0.29. The 
/o(1500) has a mass of 1466 ± 6 ± 20 MeV/c^, a 
width of 108t" ± 25 MeV/c^, and a branching frac- 
tion B{J/2P 7/0(1500) 77r+7r-) = (0.67 ± 0.02 ± 



0.30) X 10"! The 0++ state in the ~1.75 GeV/c^ 
mass region has a mass of 17651* ± 13 MeV/c^ and 
a width of 145 ± 8 ± 69 McV/c^. If this 0++ state is 
interpreted as coming from /o(1710), the ratio of the 
TTTT to KK branching fractions is 0.4llg J^i^. This may 
help in understanding the properties of /o(1500) and 
/o(1710). 
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